E+35
HET L ——a— ) JBHEZRDOTZD D
EFEA U —L2HBEIC LA EE L KICBITS

R SR DT
BIN 2y

EESRFHRIRZEGE BH TR MBS E R SR 2 4
VR4 (IE20134E3 AET)



R

T L R4 X 100 eV PLE) 12 27K OF i~ A 7 v il RO (CMB) & o
222k, AT (12323 EER < B, T XK AT IRV AEMER(0- 24s) Tn+x
VPEFIEpa TS, 2t Ty, ICHEL BE= R L ¥ —=2—1 U /(UHE
WBEREIND, TORIGHERE DDOIEAT OAKKEENARE L, TEENE 7D 1.3
G LBNIND THh D, ZDHSIT Greisen, Zatsepiin, Kuzmin (2 X » TIRE S, BET RV
¥ —OFUHBIITHEM 2 ETTOMIRNX =2k L2 TE LR (GZK By b A
7)e ZOTEIXREFERMICHERINLO>OH D,

e 2L —FHE CMB BN EICHE S, GZK Iy A7 bR INh->2ob b7
D UHEY BER SN D Z SIFHEEH SN TWD, LR ORIz L0 iBE o kL X —F 174
WFEEHEMOEDL & ZATHET UL, UHEY HFHZEMOEDL & 2 A THAER S L THIER
LTV B EEXBND,

L2~ L7 23 & i = 0L 3 — TR IR B 23 FE IR 72 01T, UHE v OB & 3
IR, Ko TZ® UHEY 2T 27203 A THRBRERE 0 &ETIEIA 0 Th
Do

AWFFED B ENE B RFUAFAET 2 ERBINEE 2 ¢, FHHHko UHEY 235
ZEThDH, UHEY DAS L7ToMHBE R CHAEERZREZ T LR oy V—2 4T 5,
UHEv O R AF =P HBEORE EA 25 &EZ L, MIEEERFERTH GG
IZFDOFEREENESED, BRBEEOEVFERZHRHEE L LTL—X—E A2k
Fopzlicky, FEROEM LY & O E OBEREAITTL—F —E K
fand (BERFDER), 2CXY L—F—%2H\\5 Z & TUHEY HHE/ERRFORE F
ANERKFOEE L TRIET 2 Z &N TH D, BIEURZNRITE =1L — g
PRRF R I YR AR ZE iR T RS A KU 7 (KEKIPF-AR) (281 % X #REREHIZ X
DEWRHERIZ L > THRA DI NV—TPRER LT, ZOBIGIZHESE UHEy DL —F—
BB % SIS TE 5

L= =L XD O7 7 a—F Tk, 77 v 7 ZADOIEFIT/NIW UHEY Z T %
T DICRHEE I IIE R R E RS LNE L Shd, BREERENEWERIECHBOKRIZE
WT L —F—IEERHADO L — 4 —7 7 TR BRI ET 5 2 & TEEBEREORE
SRR R R R D 20, UHEY B CIEFICH A HETH 5,

AMFFE TIEAE R OOK AR S 2 W CRREROIRE EA- & Bl oM % AR
JT- S IR SE R A A B S AR 1 SRR D 2MeV B — AN T 5 2 & T
HE Lz,

BB — A MREANIERE D FEE OB TN T 570, ZOFEMET L LE
T B — ARSI ORE (L K O USSE O FEREITL D 10-6 DA —F— L0 5 Ui
BIEE IR ATRETH D, T DB T E— LREETO B K E 5 % WA OB
EER LAERBEHN CTHRICT 2FENMEEH NV TERZIToT2, ZHICKVE T E— 205



(2 X DIRBEAAITAE O IS ROZAL 2 HIE L7,
FEFNIENES AT LB E— LM T BB S5 2 L2k v RiE - ACAA1L
ZIBRLAENORET D ENREL RoTlz, ZHUT KV IEREMR T HRE A7 F T L
T T AW EDIEE TIRIED & HE LTV, N7 b s UTCOBR IR 2
ET DI LTI LT,
ZOBFE— LRI ERONER RN D, S EKOBERFAROE NG L, L
— S IR O T2 O ORIIE & L TOES Zikim L7,



=P
- =

1 Frim

11 e gL —=a— kKU /

12 BT R AXF—FHMPAT MV GZK By AT
1.3 kM=o — U /4R

14 T AN T Y ib=a— U JRitasOnsE

15 L—X—iEDOW%E

2 AEKROKFERORAIE

2.1 FHEIROWE 7SS R EE 2 K D SCES R E
211 [FEEC X D BT ERIE DL

2.1.2 frE iR

213 Xy WU =27 T F T A P X 2 &R A AR 2 W O K& O O
W&

214 FFHEROEH

2.2 fEH

221 FWiRAHEHKOFHEESE

2.2.2 KFFER O EMATE

23 BT E— LAY FEBRO 7= ORIEHE D%

3 RF I ERBEE S E FICANAT LIS IERIC L 2ETFE— L RFE
BR

3.1 BB — AN AR

3.2 EhpdkE

3.2.1 [AlhE mAEIFE

3.2.2 HEHE L =G

3.2.3 FNIEZAZIENEE D 1= 8 D 78 A B O RS
3.3 FEBRAE R

3.3.1 BN EOWRERFIEE 7 L L ORI O LA
3.32 B KHEOE T — 2NIEEBT & R ER ORI
3.3.3 FNIBREE F O T2 IRNE K O AE I E s 5



4 %L

HEE

SE X

1
k2
(423
44
{45
(426
a7

WX-20D A Gt

Mathcad 7' & 77 A

EAE AL AL = e S e i

PR A S F A E R HIR ARG
SABHEPYER ] [X
LaVIEWSH 7' 7 7T LTy 7 XA T 75T L
OMEGL11 Proceedings



1 i@

1.1 BH=RNVFXF—==2—}FV )

19 AT RV B A XV R TOWEOR/NEALE L TORFHAEZ B, %I
AT bR T EBTICL > TSN TWD Z EBbnole, ZORTEEERT 05T
TS E T2, 1935 FITHNIFHNT L FRF 2 L TRIAE LTS Z LR TE 4L,
INDERER T DHRORT, FRFNTESND, BUETIE 6 DO +—7 (u, d. s,
c. by t) LEFHEDOLT R (e U T Voo Vo V) IZED $XTOWEITHRKS
NDENR S, FEERGRAICIXBAE O N SR RV X — TILSUG I A 1T 8 < i &
N5,

Za— kU EEFFERTD1IOTAE L 12OV N ThHY EBMERT-TERELBE
BrIZE LW E/NE W, 85V AEER L2 LW WIS 2 im ) A FEF T < |
ZDFAED Pauli 1T &5 T 1930 FORHTTPE SN TWZIZ bbb, REICDIZ-
THERENTW o7, L URTFENLD=a—FY /8 (1957 T A4 xR AL BT
ko) Blillaini, ERKRBEUSAORENSD=a— Y 2 & LT, BHEREEND
D=a— kU DB/NEBBEFRC LY 1987 2 H I AT o7 THRINT 5 & 46 IMB #it
FTHHRH S, ZThIC kv 2002 Fl2 ) — W EE 2B Lz,

UL, L0bF=a— b JIRMHERERE RN E VS EHbH Y, BB 20
BN R TH S 19984F R — =B I A I T HRIFER 7 V— T OFIZ LD #hib 52
RKa=a— )/, FOKG==2—R ) 28T 5L TCEO—MmEMHLO>OH 5,
ZLT=a— MU BRITRF ORERLTHBRIC LD FORIVICKEIFEL, By 73
VRO RIBER I ETFENP O OB R ERF oL OLFICH IS Y VLTV D, HIBRICK:
DES=a2a— M) JIZEORTHZANLT—DOREIICL - THIRESHT HZ LA
BETH D, Ml biX, KGRI RDHNDNGRDBLFILED TRV F—D/NZ 0 & F
DOWEFIT L > TN T L EV, #IERICELET 5 2 ENHRZ2 VB TH D,

FIREGARNE R TH, KBEEINLEES > TRD TRKh==—rJ /] &, RCL
KGR E U CHIERIZEIEE U 72 B 172 & ORLF AN HIER O K53 F DR 8% & 28 L CTRED
T FETFEEY, SHIZEALN b= — ) JITHREL, phFITETFLE
a— k) 2l pu=a—b ) JITHRET D, TNUOREBIZL > TEKRSNZ=a— M) 21X
[R&==2— RV /] ST, AR = kL X —1E MeV (A HET AL R) O
TRNAFXF—ThHoON, BEIFZZOTHED GeV (FHETANLE) O ALFXF—%HL, ¥
ARERET D ENHEKD, FEFHORESTBHEBREREOFERICLY, KED=
a— Y PHIERICEIET S 2 L b D, THUIRPNIGBR T L ST 1987 2 I AT v

6



FTHRENTZZ EREERHTH 5,

Za— U JIBACHEERERZ S 20BN IEE IR R Th D, FloT
WELIRERIE S LR =a— ) JE2BIIT 22 L1280, EFICESFOFHTRE 2
FHEFHAKEDOIERE ZD=a— ) /1 DHELZ LR HKD ELEZDILD,

A, KEHEERC LY S x L F =BG O ERPENR RSN TS, LirL, H
RIUTIZIATTIIEY 272 VWE D BV R LFX =2 L OFHBENH Y . EOMmHITER =
FVX —FR W & FHEYBEMICME R H 2D TH D, FICHERENE=a— Y
J OREHIE, B LS LR A B < ATREME A R D T D,

F 72 1960 FR F THEBIEHIIE T R L ¥ — 2 K S TEMERICB W T, T
TR ANLFT—RIZBANESESOoH 5L HIcb 2D (¥1),

Livingston (via Panofsky) Plot

/'O SalSA (Eci~100TeV)

1Ea\|-

/
/
/
/
/
/
1Pe\|—- /

1 JNERERBAFE 31T 2 BHIE AR I = 1 /L & — CRES i i %5 Salsa 7V — 712 L %)

IEEERIEE (AGN) ©AF v ~f3—2 h (GRB) R EZRFICLTNDEEZLND,
T X — DR FIXFHZEMZ 2T 2.7K OFHi~ A 7 niiiyfiEs (CMB) Lo
HEERIZEZY, BR=xLr¥—==2—Fr)/ (UHEv) #4417, #BE=rL¥—=
2— kU (E>1016eV) [Z89TRN TIIREE TR OEHRIG S i, midk L7758
FUITEOH S — R NEN D | HERRES & L TFEHYIS O UHE REDOTE#RE 72
HL TS, LOALBETHRINTWDHIEK E~OmFED D AL T REELS (1
km2dayl) . HELEARET 54 IXERBRTRELE LT 5, D720 ERM I

7



BAERETL2OFIFEFELREELZCES 720, BIRICHFET 5 £ £ THATE 2 MBS & MK
HGENEEE D,

1.2 ficikaEmtismomtistg cdH s UHEy @ 95, GZK (Greisen, Zatsepin,
Kuzmin) ZIR[ANZE > TRAEL TS Z EPFEEHEINTND GZK v (IZOW TR T 5,
L3I TIdkk A Zr==2— MU /B FEBR M Has, € L CAIE TRl 2 Bie L — ¥ —1&
B E HOETHAT IR EALTHL [2=2— ) O Flux & KFERE G DT-FEx
72 UHE v B EBR OB HEE 2R3, K2 OD==2—F Y / Flux X, AGN (EEIEREL) |
GRB (y #X—A b)), GZKZhHE LV o7z L1 FlcB W TRl LT\ % UHE v BAEROZ
NENDOBZET LV THEINTE LD TH D,

3
2

% GLUE

M

:RICE

B

=
o

AMANDA

E*dNiGeVicm?s/str]
<
T T

=
&
|I|1 LA

*
+
"

i

S
=4

||||

ANITA o

W/l

)
!

" loe Cubi

DNre 6K

10" 10" 10* 10" 10" 10" 10" 10" 10™
Neutrino energy [GeV]

2 FEX 72EBRO Flux &R

ABFFE CTIERROBRIBBA 2R AT 2 BE R fRitiss e s = x ¥ —==2— KU/
D& ZRARE T DO DEEMZ G Z L AL T 5,

ZOERMHBE & U CERREHRIL N O ROKIR &\ 9 BRI R R O R Wik ERZ
WD HEEBGETT 5[2], FERTICAS L7c UHE v I3hi -3 v UV —% i 2 L, SFERIRE
ZEASED, BWEOREZ(LEIFEROZ(LZLIO L, T2bLEEOEITRNE(

8



T5, ZOBRRITEFTROLE(CE CEMBE P H LK 37 L oo &L, +
SIREREDERZFET L LIV EORKKNERE OB E LTBEIT 2 Z &8
k2 & WiRs s 513,41,

1.2 B RLX—FHBARY M GZK By hA7

UHEvIZAGN X° GRBA R & SN D E = RN F—DRIFRNORET L LEZHNT
W5, [RIFEICERAT R D BT 2 FHR (51 ORmTFRAF—1L4x10%V £TLS
PhTW5b, ZhE GZK RAEIE GZK 7 v A7 L0, 4x10%V LU EOFHIRITE
F & ORI L > TERAF =2 D S L5 EERO M2 T RMIC 4x10%V LI TFIC
RHEVIHDTHD,

10%V LL oS, FEE R & OFZ2IC L 0 AT AR 2, K1)

p+y -4 -n+m )

AT RVFHEER(10 *s) Thn+r' E721E, p+a° ~HIET S, oS nk ATk
5T R FEEN 10%V L EOT X — AR EFT S L NATRE T B IRAT
HBEZIREST D, IRKRLFOREIX, et X —==2— ) 24K T 5 (X 3),

n- p+te +v,

+

T _>,u++|/# )

+

R
' - e +v +v,

HEIE, KEF==2— ) 24K, o iEp=a2—h) /L /2R CTEF==2—1
U/.op=a—br) 2&24AKT 5, X2) ZNOOWBICLVAERSNTc=2—1) /%
GZK ==2—hU J LIES, Fo, BEZRALX—OT L~ BB T 7L 0 bk
TZFNLF—%KoTLE,



GZKv(10'%eV ~102%V)

3 GZKv Apkif

AN FEBOREZ R ¥ — %l 2 2@ R X —FERPFET D 2 LB LIk
TWNHDT, GZKy BFIET D2 DIFEEHE I N TN D, FHITE vy 7N IChkT 5 CMB
THREINTNWDT2H, UHE GO GZK R T L F—%2 59 DT L5E
HELRD, £0, BETFALF—DONFH CMB % L OFE T R X —2 kW 1 EER
EOIRREEREL 725, —T7. GZKv IZMAEAEMMRIEF IS N LD CMB LAHAEAE
F.FHORT A7TENFRE) OESG (FHUM) NoRETLILNTELLEZDL
nTns,

10



T T
Akeno [6] —a—H
Akeno [7 —e—1
AGASA 8] —a—i)
10(] HiFes [0 —e—i]
N ]
a”  10° i
E
% s
=10 -
‘2 10
-
L
et I Fixed target ]
- 1 Hﬁgﬁ EVATHGN LHG %
Lo l | |
10'° qo™ 10'® 10'8 1072

E (eV/nucleus)

4 —IRFHBRATZ bv

M40k, BT BEIRERLETD LRFEHROT T v 7 At BrRLF—C
72BN EL 72 5[B), £ DOWARIT—ETIHRL, IEEEOENRFHBRO 7 T v
AR 52 5,101V T O—KFHRIL, =3 LF—0RERILE (Fluxe E 2 T
RITE D, T, FAEOHIRN OB ZRBOEER & £ D% OIS HN TD
IR L 5 Fermi IBEZ R L7=b D L EZ BN TS, 10%V, £721% 10%V BEO =
FILX—FHIIZ 72 D & knee”, "ankle” & FEEIL D AT RV OPTILIA D A3 B D, "knee”
AT T RLR—HER T Fluxee E 30 LiERlENn 5, MhoREOMHEEIL, 101V L
F. knee-ankle ankle LL_Eo = FEIIZ 4y #4510V LT D 5 AORIT E ST, He,
CNO., Mg-Si, Fe ®i#E % R7, 10%V LIFOZF/L¥—I2B T, AGASA . Hi-Res ®
W FEBFERIT LT D, Lol 10%V (HEICBW TR, OB RICK & ZREND
NHTWD, FHBRORKE T %L ¥—|L, Greisen-Zahsepin-Kuzumitc L ¥ 107eV f2E T
HDHZENHGROICTHEINTWS, AGASA EBROFER[10]IE. GZK R 2B 2 - FH
MOTFAEZ T LT WD,

11



?‘-2

= L L L I! T T T T TTTT ' T :-'
- 3
;;-‘ = =
2 =
E‘L 1I:I2"j = 6 2 —
= 5 .t H
b I *.+-._{{I + N
3 N ewe ey ? s, i

o o 3
E T . i
lI‘I:}‘.I.] m“ 5 "'. =
& | = Uniform sources 3
mﬂ [ I Y A | i IR 1 0 ‘1'- i

10" 10°°
Energy [eV]

5 AGASA B X 2895

5 13 AGASA OBUIER L GZK #hFIZ LY THEND 1 KFHBRAT VT L%
WL2bDOThHD, HICHEL TODETIIHFRATOA Ry MMz RDT, Hin THEEZE
A5 FHME 11 FRBIL T D, GZK HRNLHIFFSNLERHT 1.6 THY . Bl
fi k1% 4.00 DHEETHET 5,

6 AGASA B X 25 i #Ek 0

6 1Z AGASA BLRIC k% 4x10%V DL EOFH#} 67 G ORI 5 & JRIEEE R TH
DLIELDOThD, i, AT/ ho -l (0<509 TH Y, IR, FOFEMIT, 8
T & RO T o K r A & SR Jay i TR & 4 2 SR TSR RE A3 -2 < 2 B R Ihl %
Fo7T, B SHIFERIERIVETOICER L, BERMORIKO M54 & OFRBIM:

12



IR LRV, £72. 2.5LINIC 2 T4 (doublet) 3 F5(triplet) B2 ~>7=H DN 7 BRSO
2> TW5%, AGASA BINZ R 2 BPR T3 EREIL 1.6°TdH D72, [Fl— D [ B i =
Nt EEZ 55, doublettriplet 50> 5 A4 1F . SRIAT O CRRIAT P . o) Sl imT
FEDD L DHEH I & DB 72,

\5; 2 :_ + ——— HiRes Stereo
["JL] F —=a—— Auger Combined PLB
% 1.5 }Tr + —=e— Auger Combined (this work)
$ Fe
= L= +
0.5 Q # + + + * ‘
.
0l 08 g eme
C - s * .
C = .
05 ’ . i i
C .
'l;\ oo b e e b e |\\#\‘\<}\I|I
18 18.5 19 19.5 20 205

log (E/eV)

=10

7 AUGER ¢ Hi-Res EBO T %)L F— 227 K LD g

— AT VR F U TITIL T D PIERRE AUGERSEER O 20114E 3 £ [11]i12 K AULEK
70X 912 10°%(=4X10°) AL TR A X =AY FARED LTNDDOBHERTE 5,
Z OffiIE HiRes B & DM O —E3 B 641, AGASA BLAIFE R Z 4G E L T 5,

L7223 > T GZKy DIFEIIMEFZIZ 2 22 dh b,

1.3 fERE==—FV /HKRHEH

BEREEREEGE L THRASHOEREEL LTUTOLI RLOPEH SN TE
DT, TNHHERBOAENT v ravztyrFL—yva it kT VI 2FAL
TR SRR & 2 MR 2e R R A — R T D

+ KamLAND

NIFH T OHHIZO b =a— Y Jftgs (K 8), Ik v F L —F 3k
ORISR E =2 — MY 2 BGOBAREI A FIH L, 1000 b ARk > o F L—2
P4 7 I B WL [ BT o0 4 [ L O #E R 1000m (28 5 H 2 A 7 3000 b o5 HE J2 Bk
EBHL T, BB OBE AL > THBEE L, ZOHECL->T, TRETEB L)oo
72 100 ¥ E TRV b E TOBKT RV —Fh 1, — U OGO 2 rTRBIZ T
Do

13



Chimney o ol W, = Calibration Device

Liquid Scintillator ](_éfi;amB.E%ls.l?n?n
(1 kton)
Containment
Vessel
(diam. 18 m Photo-
< Multipliers
5 .— Buffer Oil

|1

Outer Detector | |-\

Outer Detector
PMT

X 8 KamLAND

R—=NR—BIFHT

A== AT 7 VRIS B OFR R ST SR I L TR oD 111 ] [LUTH R 1000m o HiL S ELAE 39.3
m, &S 41.4m OKFEZ 50000 b OFIK TR L CT=a2— MY 2 21562155 (K9),
AT = Lo a7 KK ORE—HEIZERIT bz 11129 ROGEFHGEE TR 6N
Do ZAUE, HETHHEEICARN LIOMETFE2E IFICHEEL CTERIES & LTIV M
FTIEECTH D, ZOMEHHT 1000m &) RS ITEERR S AU/ BEH & U CTHIER RICRR D 11

FHBRN /AR Dl-0, HTFIZED Z L THAICFERERINSEL 2N TES
Mo ThD (10 550 1RREICEKBTE %),

X9 A—R—BIFHT
14



- AMANDA

AMANDA /%, 1957 FE LV 7 AV IERENZ L > THEFF SN TV LT LB 2Aay b
FARGR AT — 3 3 L0 1km 55BN 7242 5 1338 L% 2800m @ Dark Sector Laboratory ¢
—ANHEMES TV D, AMANDA Tl Ffi K &2 I L T OK &2 B THEHI L 7214
ZOR (RS 2km, B 1m) ISR ZFATORE TALTHLHELED L) HIET
REINTZ, LT, ZOMMEEIC LV BEHEBROZOMOFHICH T 2 REDIC L -
THEALEENDBICRZW=a— ) 28I TE %, KOFIZ AN (X 10)
o T, MEED=2— Y JAVKEMAFEMNT 2 LR TIHVHETHD [F=
Loazfiggt) oREEERL, FRESENLOF =L a ol s3I XA IS
MmHb=a—hU ) DZRLF—L HAZRET DL ENAERTH D,

e TR\
R

AMANDA-I

Dapth

L 2800 m

10 AMANDA

- ICECUBE

HET X —FH=2— M/ 2Ok EZ B R (B 1km) (2 L THR X T,
ZOERBFEZIRS 5 L) EHERERFZERTH D, HEROFBMUNOAREKT L =2—1FD /23K
PCRICT D2 I Lo TEMRSNDMERLF KT ZED LEICHTF= L a7ia,
KHFUTHLOIA EN TS TRHT 2405 5D THS (X 11), AMANDA ML RfE S
NebDLEZLND,

15



IceCube Lab

50 meters e —
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M easurement of radio wave reflection
duetotemperaturerising from rock salt
and iceirradiated by an electron beam
for an ultra-high-energy neutrino detector

a a a a
Takahiro Tanikawa Masami Chiba, Toshio Kamijo, Fumiaki Yabuki,
Osamu Yasuda Hidetoshi Aklyama Yuichi Chlkashlge Tadashi Kon
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*Graduate School of Science and Engineering, Tokyo Metropolitan University, 1-1 Minami-Ohsawa,
L—|achioj i-shi, Tokyo 192-0397, Japan

Faculty of Science and Technology, Seikei University, Musashino-shi, Tokyo 180-8633, Japa

CDepartment of Applied Science and Energy Engineering, School of Engineering, Tokai University,
Hiratsuka-shi, Kanagawa 259-1292, Japan
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School of Medicine, Shimane University, |zumo-shi, Shimane 693-8501, Japan

Abstract. An ultra-high-energy neutrino (UHfEgives temperature rise along the hadronic and
electromagnetic shower when it enters into rock salt or ice. Permittivities of them arise with respect the
temperatures at ionization processes of the Wstiower. It is expected by Fresnel's formula that radio
wave reflects at the irregularity of the permittivity in the medium. We had found the radio wave
reflection effect in rock salt. The reflection effect and long attenuation length of radio wave in rock salt
and ice would yield a new UHEletection method. An experiment for ice was performed to study the
reflection effect. A coaxial tube was filled with rock salt powder or ice. Open end of the coaxial tube
was irradiated by a 2 MeV electron beam. Radio wave of 435 MHz was introduced to the coaxial tube.
We measured the reflection wave from the open end. We found the radio wave reflection effect due to
electron beam irradiation in ice as well as in rock salt.

Keywords: Neutrino detectors; Ultra-high-energy cosmic rays; Rock salt; Antarctic ice sheet;
Radar
PACS: 13.85.Tp; 07.57.Kp; 92.40.Vq; 95.85.Ry; 84.40.Xb; 78.70.Gq

INTRODUCTION

Ultra-high-energy cosmic rays are considered to be generated by an active galactic
nucleus, a gamma-ray burst, etc. The cosmic ray which has energy larger th&n 4x10
eV interacts with cosmic microwave background radiation (CMB) while it passes 50
Mpc, and loses the energy. The interaction generates iHRis GZK (Greisen,



Zatsepin, and Kuzmin) cut-off process [1]. The neutrino is calledvGZKe energy

of GZKv is between 18§ and 18° eV. Since flux of GZK is very low ¢ 1/ kn?f

day), we need a huge detector (50 Gt) to detect themv@&i€s temperature rise
along the hadronic and electromagnetic shower when it enters into rock salt or ice.
Permittivities of them are proportionally-increased to the temperatures at ionization
processes of the GAkshower. It is expected by Fresnel's formula that radio wave
reflects at the irregularity of the permittivity in the medium. We had found the radio
wave reflection effect in rock salt [2, 3]. The reflection effect of radio wave in rock
salt [4, 5] and ice [6] which have long attenuation lengths would yield a newUHE
detection method. To realize such a huge detector we plan to utilize a salt dome in Fig.
1(a), the Antarctic ice sheet and etc.

EXPERIMENT

A coaxial tube was filled with salt powder or ice as shown in Fig. 1(b). Open end of
the coaxial tube was irradiated by a 2 MeV electron beam produced by a Cockcroft-
Walton accelerator located at Takasaki Advanced Radiation Research Institute, Japan
Atomic Energy AgencyThe electron beam heated up the medium 5 mm deep from
the open end. Radio wave of 435 MHz with*M was introduced to the coaxial tube
(WX-20D: inner diameter 19.94 mm of external conductor) and measured the
reflection from the open end. The outer diameter of internal conductor was determined
4.5 mm to make the impedance@Qsing the measured permittivity £3.2) of rock
salt powder (purity of the powder: 99.5% or more) and ice (pure water with specific
resistance of 18.2 N-cm being frozen). Temperature at position of 2 mm from the
open end was measured by a thermo couple. Power of reflected radio wave was
measured by null method and a minute displacement from zero without the irradiation
was recorded by a spectrum analyzer.

Salt dome neutrino detector Electronbeam
N N Heated area

2MeV, ImA
e = )
« Neutrino energy turns
& r'y
out to heat.
. Themo
pe..| © Temperature rise Coupl
changes the permittivity oupe
Transmitting and L
S receiving antennas 9 Rock salt
10km or Ice
n=1.8
.‘r Radio wave is reflected
#| from the shower

o = Styrofoam

4
. ’ Hadronic and . = |
i electromagnetic shower o T Rer— !
N km g\ e e 435MHz Reflected

radio wave wave

@ (b)
FIGURE 1. (a) Radar system for salt dome. (b) Experimental setup of the coaxial tube.

Refractive index s(square root of permittivity) near the open end becomes larger
than n far from the open end. The reflected power ratio of radio Wavis presented
by Fresnel's formula Eqg. 1.

_ (ny —ny)?
B (ny +ny)?

(1)



RESULTS

The temperature riséT) in rock salt or ice was proportional to the beam current in
Fig.2 (a).I' was proportional to the square/fr in Fig.2 (b). They are consistent with
expected values from Fresnel’s formula Eq. 1 for rock salt. In the case Biwess, 10
times larger than expected value from Fresnel's formula. After the irradiation the
temperature ant returned to the values before the irradiation. The same results were
obtained a few times.
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FIGURE 2. A coaxial tube filled with rock salt or ice was irradiated by the electron beam irT&insl.
AT values are at the 60 s. Ice was cooled to 223 K by dry ice at first. Rock salt was 288K at fitst, and
(a) Temperature rise (with the error of +1 degree) of rock salt and ice vs. beam curiems. (7).
Measured values af (with the error of +3%) are compared with Fresnel's formula.

We calculate the minimum detection energy (of neutrinos) in rock salt. Analyzing the
data for less than 1 s after beam irradiation shows that the energy efdadke
observed. In order to increase signal to noise ratio, the time domain data was taken
with a step of 0.125 ms and transformed by FFT with 1024 points (=128 ms). The data
was selected within 8 Hz at 435 MHz. Beam irradiated area of a coaxial tube was 297
mn¥. The electron beam energy was 2 MeV and 1 mA. Current density per area was
0.725pA/cm?. So, beam current irradiated for the coaxial tube is 2Al5 he energy
for 0.128 s of the beam irradiated to the dielectric material in this experiment was
3.5x10% eV (=2.15pA x2 MeVx0.128=0.54 J/s). We found the radio wave reflection
effect in ice as well as in rock salt. The Antarctic ice sheet and a salt dome could be a
good candidate of detection media for an WHiEtector.
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